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2? (57) Abstract: Receiver module (10) for receiving a spread spectrum signal having a pseudo-noise code for addressing the receiver 
module (10), comprising a receiver processor (20) connected to main frequency signal generating means (30, 31, 15) and a spread 
spectrum signal input (14), the receiver processor (20) being arranged for generating an internal pseudo-noise code and synchronising 
the spread spectrum signal with the internal pseudo-noise code. The receiver module (10) further comprises an adaptive notch filter 
(36) connected between the spread spectrum signal input (14) and the receiver processor (20). Preferably, the receiver module (10) 
further comprises power management control means for regulating the power supply to parts of the receiver module (10). A further 
aspect of the invention relates to a transceiver module (10) comprising a receiver module, further including transmission means (38) 

1^ for generating a spread spectrum signal, the transmission means (38) using the main frequency signal generating means (30). 
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Single Chip Spread Spectrum R eceiver and Tr ansmitter for Short M ft ?|?f > rc 

The present invention relates to a spread spectrum receiver/transmitter module. In 
a first aspect, the present invention relates to a receiver module for receiving a spread 
5 spectrum signal having a pseudo-noise code for addressing the receiver module, 
comprising a receiver processor connected to main frequency signal generating means 
and a spread spectrum signal input, the receiver processor being arranged for 
generating an internal pseudo-noise code and synchronising the spread spectrum signal 
with the internal pseudo-noise code. In a second aspect, the invention relates to a 
10 transceiver module. 

Specifically, the present invention relates to applications, in which short 
messages aire transmitted and/or received. 

In present day spread spectrum transceiver systems, the synchronisation time 
period is a time and power consuming action. Therefore, these spread spectrum 
transceiver systems are inefficient and difficult to use in low power, short data 
message, short range systems. Examples of such systems are identification, door 
opening (keyless entry), home control, alarm, and car control and measurement 
systems. In these systems, a transmitted spread spectrum signal (such as a BPSK 
modulated signal) contains a relatively short message (up to several thousands of bits) 
in contrast to spread spectrum systems as used in wireless LAN applications, which 
typically transmit milUons of bits per second. Although a transmitted file may contain 
as few as hundred bits, these wireless systems are not developed or optimised to send 
short messages. Furthermore, as spread spectrum systems use a relatively wide 
frequency band (as compared to other transmission schemes), these systems are 
25 susceptible to interference fiom in-band interference sources. 

The present invention tries to solve these problems by providing a receiver 
module for receiving a spread spectrum signal having a pseudo-noise code, which 
provides enough reliability and interference resistance for receiving short messages. 

The present invention provides a receiver module according to the preamble of 
claim 1, as defined above, in which the receiver module comprises an adaptive notch 
filter connected between the spread spectrum signal input and the receiver processor. 
One or more of the characteristics of the notch filter (center frequency, bandwidth, and 
suppression factor) may be adapted. By adapting the notch filter to detected in-band 
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interference, the in-band interference may be suppressed to a large extent, ensuring 
proper and reliable data reception, even in presence of strong in-band interference. 

The main frequency signal generating means may comprise one of alternative 
embodiments, e.g. a resonance circuit, free running or using a crystal or the resonance 
5 circuit may comprise a phase locked loop circuit. Each of these embodiments have thsir 
own characteristics with respect to stability, accuracy and cost, enabling a trade off 
between stability and accuracy of the resonance circuit and the cost of the circuit 

Preferably, receiver module is arranged to interface with further processing 
means for controlling parameters of the receiver module and for data processing. The 

10 control of parameters may comprise initialisation of the receiver module, setting 
adjustable parameters of the receiver module components. The data processing may 
comprise checks of cyclic redundancy ^ co^es ^bRC) ; in the received message, data 
buffering, and/or stuffing. The further processing means inay be external to the receiver 
module, or the additional functionality may be implemented by the receiver processor. 

15 In a further embodiment, the receiver module further comprises power 

management control means for regulating the power supply to parts of the receiver 
module. By supplying power to, e.g., the RF components only during initialisation and 
actual reception of data, the power consumption of the receiver module may be 
reduced. 

20 A spread spectrum receiver system needs to remain synchronised during the 

complete length of the message transmission. Due to limited frequency accuracy of 
pseudo-noise code clocks used in low cost equipment (at both the receiver and 
transmitter side), the received and internally generated receiver pseudo-noise code will 
show an increasing time difference during a message when the clock is not 

25 compensated continuously. 

Therefore, in a further embodiment, the receiver processor is further arranged for 
synchronising the spread spectrum signal with the internal pseudo-noise code by means 
of a synchronisation machine, the synchronisation machine being arranged for 
determining a frequency difference between the received spread spectrum signal and 

30 the internally generated pseudo-noise code, and adjusting the main frequency signal 
generating means accordingly. 

The initial synchronisation provided by the synchronisation machine is 
sufficiently accurate such that the maximum code mismatch at the end of the message 
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is small enough to ensure sufficient quality of data reception. Furthermore, a code- 
tracking loop as present in known spread spectrum systems can be omitted, allowing a 
less costly system. 

A second aspect of the present invention relates to a transceiver module 
comprising a receiver module according to the present invention. Preferably the 
transceiver module further comprises transmission means for generating a spread 
spectrum signal, the transmission means using the main frequency signal generating 
means. 

Preferably, all elements of the receiver module or transceiver module according 
to the present invention are integrated on a single chip, e.g. by using CMOS techniques. 
E.g., for the 868 MHz licence free frequency band, it is possible to include the RF 
components of the modules in CMOS technique, together with the data processing and 
interface components. CMOS technique allows an easy manufacturing of the integrated 
chips at very low cost per item. 

The present invention will now be described in further detail by means of an 
exemplary embodiment of the transceiver module according to the present invention, 
with reference to the accompanying drawing. 

Fig. 1 shows a block diagram of a transceiver module according to the present 
invention; 

Fig. 2 shows a flow diagram for the state machine associated with the transceiver 
according to the present invention. 

Fig. 1 shows a block diagram of a transceiver module 10 according to an 
embodiment of the present invention. The transceiver module 10 is preferably a single 
integrated chip, e.g. in CMOS technique, comprising an RF section 11, a digital 
processing section 12 and a control section 13. By adding a limited number of 
peripherals to the single chip transceiver module 10, a complete direct sequence spread 
spectrum transceiver is formed, e.g. for use in the 868 MHz license free frequency 
band. In one embodiment, the peripherals comprise an antenna 14, a crystal 15, a data 
interface coupling 16 and a micro controller 17. 

The RF section 1 1 comprises a main clock 30 for generating a frequency signal 
e.g. m the 868.3 MHz license free frequency range. The main clock 30 may be driven 
by a phase locked loop 31, using an external crystal 15. As alternatives, a resonance 
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circuit using a crystal or a free running resonance circuit may be used to generate the 
frequency signal. 

Furthermore, the RF section 1 1 comprises a transmission mixer 32 and a receiver 
mixer 35, both connected to the main clock 30. The transmission mixer 32 receives a 
5 transmission signal from the transmitter 38 for delivering a spread spectrum output 
signal to the antenna 14 via the output amplifier 33. The transmitter 38 is arranged to 
generate a direct sequence spread spectrum signal using a pseudo-noise code associated 
with the transceiver module 10, using known techniques (e.g. Binary Phase Shift 
Keying, BPSK). 

10 The RF section 11 further comprises an input amplifier 34 connected to the 

antenna 14, preferably a Low Noise Amplifier (LNA), for amplifying the received 
antenna signal. The input signal is mixed by the input mixer 35 to an intermediate 
frequency (IF) signal. The output signal of the input mixer 35 is fed to an Automatic 
Gain Control (AGC) 36 after which the IF signal is fed to a band limiting filter 37. 

15 The digital processing section 12 comprises an analog-digital-converter 21, which 

converts the IF signal from the band limiting filter 37 into a digital signal, which is fed 
to a digital signal processor 20. Hie digital signal processor 20 implements a 
controllable digital notch filter. One or more parameters of the notch filter may be 
controlled, primarily the center frequency, but also the bandwidth of the notch filter. Of 

20 course, the controllable notch filter may be implemented separately from the digital 
signal processor 20, e.g. between the analog-digital converter 21 and the digital signal 
processor 20. The digital signal processor 20 is further arranged to analyse the received 
signal, and to control the controllable notch filter. Furthermore, the digital signal 
processor 20 is arranged to extract the spread spectrum signal having the pseudo-noise 

25 code associated with the transceiver module 10. 

The digital processing section 12 further comprises a receiver data interface 22 
connected to the digital signal processor 20 and a transmission data interface 23, 
connected to the transmitter 38. Both the receiver data interface 22 and the transmitter 
data interface 23 are connected to a serial communication interface 24, which interfaces 

30 with the data interface coupling 16 (e.g. a 9-pin D-type connector). 

The control section 13 comprises a parallel interface 43 for interfacing with the 
external micro controller 17. The parallel interface 43 is connected to a main controller 
40. The main controller 40 is connected to a timer 41 and a power management 
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controller 42. The power management controller 42 controls the power supply to the 
components of the three sections II, 12, and 13 on the transceiver module 10. For 
reasons of clarity, the various control signal paths and power supply paths are not 
indicated in the block diagram of the figure. 
5 The main controller 40 comprises a number of registers, allowing full control'pf 

the various subsystems on the transceiver module 10. This allows a very wide range of 
possible applications, enabling trade-offs between power consumption, acquisition 
time, performance and frequency range. The registers may be controlled using the 
external micro controller 17 via the parallel interface 43, e.g. an 8-bite parallel I/O bus 
1 0 with multiplexed data and address. 

The RF frequency signal (Local Oscillator frequency) is controlled by the main 
controller 40, such that the correct frequency is chosen for either reception or 
transmission of a spread spectrum signal, as these will differ slightly. 

The digital signal processor 20 implements the receiver functionality of the 
transceiver module 10. The external micro controller 17 or the internal timer 41 trigger 
a digital state machine, which may be implemented in a distributed manner in the 
control section 13 (power management controller 42 and main controller 40) and the 
digital signal processor 20. The flow diagram of the steps implemented by the state 
machine is shown in Fig. 2. In block 50, the receiver state machine awaits the trigger to 
start the reception cycle. When a trigger is received (e.g. once every 250 msec) the 
power management controller 42 turns on the RF parte of the transceiver, i.e. the local 
oscillator (main clock 30), the input amplifier 34, mixer 35, AGC 36 and anaiog-digital 
converter 21 (block 51). In decision block 52, the state machine checks whether the 
AGC 36 has setded in a steady state. As an alternative, the state machine waits for a 
25 predetermined time period after starting the AGC 36. 

Subsequently, in block 53, the state machine allows the digital signal processor 20 
to grab a number of samples as output by the analog-digital converter 21, and performs 
a discrete Fourier Transform on the samples in order to determine the strongest 
mtcrference source. During the signal processing by the digital signal processor 20, the 
state machine turns offthe RF components, i.e. the input amplifier 34, mixer 35, AGC 
36 and analog-digital converter 21 . 

After determining the characteristics of the strongest interference source, the digital 
signal processor 20 sets the parameters of the controllable notch filter. Of course, when 
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no interference signal is detected, the notch filter may be controlled such that it passes 
all of the IF signal. Subsequently, the RF components (the input amplifier 34, mixer 35, 
AGC 36 and analog-digital converter 21) are turned on again, and the digital signal 
processor 20 acquires a new set of samples of the input signal, in which the notch filter 
5 has filtered the interfering signal this time. In the next step, the RF components a?e 
switched off again, and the digital signal processor' 20 performs a two dimensional 
search on the acquired samples, in order to find the pseudo-noise code and the 
frequency of the signal to be received. The two-dimensional search algorithm is 
explained in further detail below. 

10 In decision block 54, it is checked whether a signal has been detected. If no signal 

has been detected, the receiver is automatically turned off in block 55. After that, the 
state machine returns to block 50 to wait for the next trigger. 

If a signal has been detected in block 54, the flow diagram continues with block 
56, in which the internal frequency and code position are set to the found values by the 

15 digital signal processor 20. The RF components 34, 35, 36, 21 are turned on again and 
the receiver waits for the end of the preamble. 

In decision block 57, the digital signal processor 20 checks whether the detected 
signal energy level drops below a certain threshold value. If this condition is true, the 
receiver is turned off in block 58, and the state machine returns to block 50 to await the 

20 next trigger. 

If the signal energy level does not drop below the threshold the flow diagram 
continues in block 59, in which the RF components 34, 35, 36, 21 stay on. This block 
59 is repeated until in decision block 60 the end of a message has been detected. 

By using the state machine to control the power management controller 42 to 
25 only supply power to the RF components (the input amplifier 34, mixer 35, AGC 36 
and analog-digital converter 21) when they are actually needed to operate, a substantial 
savings in power consumption of the receiver or transceiver module 10 can be 
achieved. 

It will be clear that the receiver state machine can also be implemented in other 
30 receiver or transceiver modules, with comparable results in power consumption 
savings. 

In the following, the two-dimensional search algorithm or pseudo-noise code 
synchronisation algorithm will be discussed. Preferably, this synchronisation algorithm 
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is implemented by the digital signal processor 20, At start up, a pseudo noise code 
position is selected, and the maximum found energy value is set to a thr^ld Value, 
Subsequently, the pseudo-noise code position is incremented, and th^ I'&tffc set 
acquired in block 53 is multiplied by this pseudo-noise code and the expected IF 
frequency (I and Q). The expected IF frequency is the middle of the frequency range 
where the IF frequency of the incoming signal is to be expected. This results in a new 
complex set of samples, from which the highest frequency component can only be the 
highest frequency offset that is allowed. (If the synchronisation algorithm is looking at 
the right code position). Therefore a down sample operation is now performed on this 
sample set and subsequently a complex DFT is performed on this complex down- 
sampled, sample s^ maximum energy, tfcit, is detected by this DFT is stored, in 
<*™*^^ compared to "the 

ctwrently found jna%um ei^ it is assumed that a 

valid signal has been ^ detected^The same sequence is repeated for every code position. 
The algorithm steps back to the multiply . by pseudo-noise code phase, or it goes on with 
the next step when all positions have been covered. After all code positions have been 
investigated, it is known whether or not a signal has been detected. 

In a further embodiment of the present invention, the search algorithm is 
implemented by a synchronisation machine to provide an initial synchronisation which 
is sufficiently accurate to provide a code mi^ateh at the end of a received message 
which is small enough to ens^suffi^nt quality of data reception. This is achieved by 
determining the frequency difference between the internally generated pseudo-noise 
code and the P seudo«*iseV code: hi, ^ received spread spectrum signal and 
subsequently adjusting me clock frequency o^^main clock 30, e.g. by using a digital- 
25 to-analog converter. 

In a further embodiment, further data processing functions, such as checks on 
cyclic redundancy codes (CRC), data framing/de-framing, data buffering and stuffing 
are implemented in the receiver data interface 22. Also, the transmitter data interface 23 
may be arranged to perform associated functions. As a result, the data interfaces 22, 23 
are completely autonomous for the generation of data packets and are able to determine 
the begin or end of messages, insert or check the CRC, add (meaningless) stuffing 
bytes or removing these. 
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In a preferred embodiment, the transceiver module 10 is controlled by the internal 
clock 41, allowing the transceiver 10 to be turned on or off on command of this internal 
timer. During a non-active stage of the transceiver duty cycle, all hardware except for 
the interface hardware (receiver data interface 22, transmitter data interface 23 and 
5 communication interface 24) can be turned off, resulting in a lower poser consumption. 
Preferably, the transceiver 10 operates at a low clock frequency, derived from the 
external crystal 15. 

In table I, a number of characterising specifications and parameters are given, 
representing an actual working prototype. In the 868 MHz licence free frequency band, 

10 only a limited bandwidth of e.g. 600 kHz is available. In direct sequence spread 
spectrum techniques, the values mentioned in Table I for data rate, chip rate and code 
length may be realised. Of course, these are only examples, and trade-offs may be made 
between power consumption, acquisitions time, performance and frequency accuracy. 
By using the controllable notch filter in the digital signal processor 20, a 

15 continuous wave interference (CWI) suppression of up to 20 dBI has been 
demonstrated. This allows for a reliable data reception even when strong in-band 
interference is present. The notch filter, preferably, has a 10 kHz bandwidth when used 
in a system with a RF signal bandwidth of 600 kHz. 

The current consumption with a supply voltage between 2.7 and 33 V is very 

20 low, and amounts to only 11 mA dining transmission, and 16 mA during the 
acquisition phase of the receiver part. When taking into account that the RF section 1 1 
is shut down during further processing of the received signal in the digital processing 
section 12 during the main part of a 250 msec duty cycle (acquisition phase takes only 
12 msec), the current consumption for receiving is only 1 mA. The 250 msec duty cycle 

25 in the embodiment using the parameters shown in the table (868.3 MHz, 10 kHz data 
rate) suffices for mission critical applications. 

Preferably, all components of the transceiver module 10 (the RF section 11, 
digital signal processing section 12 and control section 13) are integrated on a single 
chip. This may, e.g. be achieved using CMOS techniques. As a result, the transceiver 

30 module 10 may be manufactured in large quantities and for low cost. 

The invention has been described with reference to an embodiment of the 
transceiver module 10. However, it will be clear that the above will also apply to a 
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receiver module 10, in which the components relating to transmission of a spread 
spectrum signal are omitted. 

The receiver/transceiver module 10 according to the present invention can be 
used in a large number of applications. In all applications low data rates and the 
acquisition method result in a small one chip, low cost solution and low power 
consumption. 

The receiver or transceiver module 10 is primarily designed for data 
communication at licence free frequency bands between 860 and 920 MHz. Each of 
these bands have their own specifications for the use of spread spectrum concerning 
radio frequency bandwidth and transmitted power. Apart from regulations this depends 
on the application. The integrated chip itself transmits only 1 - 10 mW, but with an 
external amplifier (PA) this can be increased. An additional external low noise (LNA) 
amplifier can also improve the receiver sensitivity. In the 865 MHz frequency band, the 
maximum transmitted power is 500 mW and the RF bandwidth is 1 MHz, For the 868- 
15 870 MHz frequency band, the maximum transmitted power is 5, 25 or 500 mW and the 
RF bandwidth may be 500 or 600 MHz. Li the 902-917 MHz band, the maximum 
transmitted power is 1 W. In the near future a 6 MHz wide frequency band around 900 
MHz will become available in Europe. The very same chip implementation according 
to the present invention can be used there. Additional frequency hopping or 
20 interference avoidance mechanisms could be implemented. 

One of the application areas concerns social alarms for medical, judicial, geriatric 
and penal applications. The social alarms are especially designed for monitoring 
patients, elderly people and people under police surveillance. The problem with 
existing devices at 433 MHz is that these are too susceptible to interference to 
25 guarantee the required reliability. The monitoring device will consist of either a 
transmitter or a transceiver using a receiver or transceiver module 10 according to the 
present invention. The base station will consist of a receiver or transceiver, which may 
also use the receiver or transceiver module 10 according to the present invention. 
Safety and monitoring protocols usually differ in information push or pull, meaning 
that either the transmitter sends a regularly signal which is being monitored, or the base 
station transmits an information request, which is being answered. The receiver/ 
transceiver module 10 according to the present invention will serve both main 
applications. 



30 



_0169803A1_I_> 



WO 01/69803 PCT/NL00/001 70 

10 

Another field of applications is in the automotive area. In the automotive industry 
there are five principal applications that are typical for the 868 MHz (or future (Jifferent 
frequencies) spread spectrum one chip solution according to the present invention. 
Especially for applications that are mission critical and in circumstances with a lot of 
5 interference, the present invention can be used advantageously. Applications involve 
systems for the transfer of data from vehicles, information from the car management 
system to for instance lease company or gas station (e.g., mileage, driver behaviour, 
energy consumption, tracking & tracing). A second mission critical application is a car 
data network, e.g. involving a tire pressure management system. In case the tire 

10 pressure is under a minimum level, the tire alarms the car management system for 
present danger. The receiver in combination with a transmitter enables to identify the 
tire in need of pressure. A third application is road pricing (toil) applications. The 
transceiver is able to transfer information from the car to a toll station. A fourth 
application is a wireless door opening system (RKE or Remote Keyless Entry) for 

15 doors (also applicable to fields other than automotive). The small spread spectrum 
device gives a reliable and secure data link with transmitter and receiver and lasts for a 
long time on a single battery because of the short transmit time. Since the receiver uses 
less than 2 mA average current and has a less than 200 ms response time it is ideal for 
RKE applications. The fact that longer messages are possible, makes the device 

20 suitable for additional automotive remote control applications as window, car audio or 
any other kind. Disabling the engine when the chip is not detected , is an other 
application. This results in automatic protection of the car when the driver is not 
present Of course this application can be used at scooters or motors as well. (A later 
described application will be the protection of notebooks). 

25 A further field of applications is the field of RF identification tags. Two 

applications should be distinguished: "tracking and tracing" and "information and 
control". The tracking and tracing system would typically exist of one transceiver or 
transmitter to be traced by a network (multipoint to point), whereas the information and 
control system would exist of a base station (one or more transceivers) and several end 

30 points (point to multipoint). The low cost/low power chip solution according to the 
present invention enables transmitters that can be attached to shopping trolleys or 
shopping baskets. Thus tracking and tracing and monitoring individual customers and 
shopping goods in a low data rate network. A perfect application for a client 
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information system or protection against shoplifters. The device will typically contain a 
small battery (active RF tag). The difference with passive RF tags is the long range 
ability of this active spread spectrum tag (10 - 100 m in stead of 1,2 m). In combination 
with a scanner these items can be returned to the rightful owner and within the range of 
the network the thief can be traced. The information system can download information 
to displays in the shops. This could even become depending on the person who is 
carrying the RF tag. An even further field of applications concerns the personal 
field. An ID tag in combination with a scanner (two transceivers) gives the opportunity 
to scan the environment to search for the lost item. The ID tag is constructed that it can 
be attached to keys, agenda, wallet, notebook, papers of value, any kind of item that is 
due to frequent use moving around. By using the scanner (kind of torch) these items 
can easily be retrieved. By attaching a biomedical sensor, the scanner (Personal torch) 
can be protected for unauthorised use. The unique personal identification by the 
biomedical sensor attached to the transceiver allows for easy access of the 
15 personalisation code. A standard keyboard with pin code would do as well. 

In cases where range and long lifetime is important, an active tag is required with 
zero power consumption when not needed. This problem is solved with the described 
transceiver 10 (which may be battery operated with power down and switch off 
capabilities) in combination with a passive, non spread spectrum, receiver. When the 
device is to be switched on, an energy burst is being transmitted to the receiver, which 
detects it and uses the energy to, switch the transmitter oh. The external signal to switch 
on the passive receiver/active transmitter is either close by (<50 cm) or uses high 
power. The frequency can differ from the 900 MHz range. The device would be used 
for tracking and tracing and data storage applications. 
25 Building a low power network with the spread spectrum transceiver is an evident . 

application. This allows for a secure and reliable building control and monitor system. 
The combination of the transceiver module 10 with sensors for alarm, humidity, smoke, 
temperature and infrared sensors allows for an intelligent budding or home control 
system. Applications are tracking and tracing of people in a building, climate control, 
safety and health control. More aimed at home control would be to control the 
refrigerator and/or gas meter etc. In comparison with other systems in this field, the 
receiver/transceiver module 10 according to the present invention offers a solution- tat 
is less complex, cheaper and easier to manufacture. 
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The module 10 can be used to track people who are released from ci^^^y. and 
need to be monitored during a certain period in their social environment ' Di^rence 
with home based systems is that tracking and tracing can be perfor#<^^ 
house independent of any other communication system (like GSM; QPS or other 
5 Satellite). Again low data rates and low power consumption are the winning factors far 
this system. 

Another major field of applications is telemetry. The low cost one chip spread 
spectrum transceiver 10 has the capability for remote meter reading. Due to privacy and 
accuracy, meter-reading applications are not viable without spread spectrum or in a 

10 band with much interference (433 MHz). For instance, energy providers need to have 
information about energy com in order to be competitive in the market The 

utfon^tfoj^ wi&ut the actual 

jjjreseft^ nfr accuracy y&l ^mcrease 

^xpwie^^ network. The /^0ter system 

15 can either contain a transmitter or a^ A data collection point will contain a 

transceiver. Typically higher output ppwfer (100 - 500 mW) and data rates (10 or 20 
kbps) will be used. A 10 year l^tin^g battery r (Gr or D-type cell) will typically be used. 
The duty cycle can be adjustable and will typically be from 5 minutes tp,24 hours. 

The remote steering of bridges and cranes sire mission critical Applications. By 

20 connecting bridges in a low control station, t^^bftijges can be 

controlled rempte : M(J w^ter^;^^ 
environment and enhancing sfeiyices fd^ and private boatingi -liie reliability 

of remote control systems df cr^ interference and thus giving 

rise to hazardous working conditions/ Thi^ mission 

25 critical application can be minimised by using the spread spectrum solution according 
to the present invention. 

By using the transceiver or receiver 10 in combination with transmitters and 
connected sensors, it is possible to have for instance a wireless water quality 
management... system or environmental inspection mechanism. One possible 

30 implementation is that at a critical level the sensor activates the transmitter 1 0, which in 
turn activates the transceiver 10. Thus allowing the transfer of critical data in case of 
leakage, pollution, or other dangers. It constructs an early warning system and enhances 
and improves the work conditions of employees under extreme hazardous conditions. 
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The other possibility would be to monitor the system with regularly and pre defined 
intervals (e.g. 5 minutes) and have all the data stored in a data collection system 
(operating as a virtual sensor). The selection of data can be performed at the data 
collector and only the important data will be transferred to the control system (which 
5 also could be all data). Cost becomes a critical issue, when many sensors need to .fee 
installed. Power consumption becomes a critical factor when, due to remote installation 
or hazardous applications like gas metering systems, battery powered systems are 
necessary. Size becomes a critical factor when many systems need to be low cost and 
easy to install and maint ain 

10 In the process industry different phases in the production process are monitored. 

The one chip spread spectrum solution provides a wireless connection to the central 
control iu^eing a transceiver it can serve as an e^ 
unit of tiie remote servicing of machines and appliances. 

The data rate of the transceiver 10, or transmitter and receiver pair (maximum 10 
or 20 kbps) allows for the transfer of compressed digital voice. Thus the use of Spread 
Spectrum chip can be used for the make of low cost short range communication devices 
like baby phones, intercoms, walkie talkies, telephones (combined with a data modem) 
with a secure, reliable low cost connectivity. 

The one chip data communication system using the transceiver module 10 can be 
used in a display and data collection device (watch type of wearable device), which 
functions as a device for receiving and storing data of odometer signals (speed, distance 
etc), heartbeat and GPS-signals and other sensors related to the body functioning. The 
transceiver 10 has a low data rate connectivity with these various sensors and should be 
optimised for power and size. The same one chip transceiver 10 allows for 
25 communication from the display device (watch) to a PC. 

Heart sensors, and sensors for DNA recognition, fingerprint recognition, Iris 
recognition, blood vessel movement, human energy etc. in combination with the 
transmitter, receiver or transceiver 10 can be used. The one chip device can be used as 
a wireless means of personal identification system in a conlrol and monitoring system. 
E.g., this allows wireless connection in hospitals of heartbeat monitoring of patients 
possible. 

Another application relates to security of payment systems (Electronic Point-Of- 
Sale) where a user carries a device, which has a wireless connection by means of the 



20 
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one chip transmitter and receiver or transceiver device 10, with the payment card 
(credit or debit card). The card stops operating when the devices can not make a 
connection anymore. Again the active tag allows for a long range (10m) and requires a 
battery or an other type of energy providing device. 
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Table I 



Parameter 

IRF center frequency 



Value 



8683 MHz 



[Modulation technique 



Direct Sequence Spread Spectrum 



Data Rate 
(Spreading Factor 



lOkbit/s 



31 



Processing Gain 



15 dB 



Chip rate 



310kchips/s 



Required Crystal Accuracy 



35 ppm overall 



Synchronization time 



<12ms 



Notch filter bandwidth 



10 kHz 



In band CWI suppression 



Up to 20 dBI 



IRF Bandwidth 

Out of band spurious 



600 kHz 



Complying to ETS300-220 



jOutput Power 
RX sensitivity 



OdBm 



-105 dBm 



Range (line of sight) 



>100m 



Data integrity 



8 bits CRC 



Parallel Interface 



8 bits multiplexed data/address 



Serial Interface 



Asynchronous RS232 
at programmable rates 



Current Consumption 



• I TX 



1 mA 



L.RX during acquisition 



6 mA 



I_RX (duty cycle, 
{Reaction time <250 ms) 



mA 



Supply voltage 
(Temperature Range 



2.7... 3.3 V 



-20°C...+60°C 
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CLAIMS 



1. Receiver module (10) for receiving a spread spectrum signal having a pseudo-noise 
code for addressing the receiver module (10), comprising a receiver processor (20) 
5 connected to main frequency signal generating means (30, 31, 15) and a spread 
spectrum signal input (14), the receiver processor (20) being arranged for generating an 
internal pseudo-noise code and synchronising the spread spectrum signal with the 
internal pseudo-noise code, characterised in that the receiver module (10) further 
comprises an adaptive notch filter connected between the spread spectrum signal input 
10 (14) and the receiver processor (20) for filtering the spread spectrum signal. 

2 v Receiver module according to claim 1, in which the receiver module (10) 
further comprises power management control means for regulating the power supply to 
1 5 parts of the receiver module (10). 

3. Receiver module according to claim 1 or 2, in which the main frequency signal 
generating means (30) comprise a resonance circuit. 

20 4- Receiver module according to claim 3, in which the resonance circuit 

comprises a crystal (15) 

5. Receiver module according to claim 3 or 4, in which the resonance circuit 
comprises a phase locked loop circuit (31). 

25 

6. Receiver module according to one of the claims 1 to 5, in which the receiver 
module (10) is arranged to interface with further processing means (17; 22, 24) for 
controlling parameters of the receiver module (10) and for data processing. 

30 7. Receiver module according to one of the claims 1 to 6, in which 

the receiver processor (20) is further arranged for synchronising the spread 
spectrum signal with the internal pseudo-noise code by means of a synchronisation 
machine, the synchronisation machine being arranged for determining a frequency 
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difference between the received spread spectrum signal and the internally generated 
pseudo-noise code, and adjusting the main frequency signal generating means (30) 
accordingly. 

8. Receiver module according to one of the claims 1 to 7, in which all elements of 
the receiver module (10) are integrated on a single chip. 



9. Transceiver module (10) comprising a receiver module (10) according to one 
of the claims 1 to 7, further including transmission means (38) for generating a spread 
spectrum signal, the transmission means (38) using the main frequency signal 

10 generating means (30). 

10. Transceiver module according to claim 9, in which all elements of the 
transceiver module (10) are integrated on a single chip. 
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